The postpericardiotomy syndrome (PPS) is an important cause of morbidity and mortality following heart operation. This systematic review reviewed the literature regarding PPS. It was found to occur on day 18.3 ±15.9 after cardiac operations, most often after coronary artery bypass grafting, and mitral valve replacement. The most common symptoms were new/worsening pericardial effusions, pleuritic chest pain, and fever. The inflammation markers, such as C-reactive protein and erythrocyte sedimentation rate, were found to increase significantly in each patient who had these parameters examined. The subjects were managed conservatively in 472 (83.5%) patients, by surgical pericardial drainage in 85 (15.0%) patients, by thora-/pericardio-centesis in 3 (0.5%) patients, and were under surveillance without being treated in 5 (0.9%) patients. Conservative treatment was likely to be associated with a higher recovery rate. Surgical trauma and cardiopulmonary bypass trigger the systemic inflammatory response, which results in antiheart autoantigen release, and the deposited immune complex could be found in the pericardial, pleural, and lung tissues, thereby provoking the occurrence of PPS. Therapeutic options for the refractory cases are long-term oral corticoids or pericardiectomy. Surgical intervention was warranted in 2.6% of the cases due to cardiac tamponade.
INTRODUCTION
As a surgical complication, the postpericardiotomy syndrome (PPS) often complicates the heart operations, and the documented incidence ranged from 1% to 40%. 1 PPS has been regarded as an important cause of death of cardiac surgical patients, and it can lead to the development of adverse events, such as obstruction of the graft vessels and massive tamponade. 2 There have been conflicting results concerning the underlying cardiac operations that lead to the development of PPS. In the early years, it was reported that congenital atrial septal defect repair was associated with an increased incidence of PPS in comparison to alternative cardiac surgical procedures. 3 In recent years, it was observed that PPS developed more often after coronary artery bypass grafting and heart valve procedures. 4 It was also observed that PPS might occur after pacemaker implantation 5 , coronary perforation during balloon angioplasty 6 , and lung operations. 7, 8 The pathophysiology of PPS is still uncertain in spite of the common view that heart operation itself along with the utilisation of extracorporeal circulation triggers a systemic inflammation that further progresses into PPS. 9 In general, there are many unanswered questions regarding the etiology, diagnosis, and treatment of PPS after cardiac operation. The aim of this systematic review was to give an overview of PPS and discuss its etiology, diagnosis, and treatment.
METHODOLOGY
The present study adhered to the PRISMA guidelines. Publications were systematically searched in the PubMed, Highwire Press, and the Cochrane Library databases between January 2000 and December 2018. The MeSH terms and keywords used to identify articles included "postpericardiotomy syndrome", "cardiac surgical procedures", "coronary artery bypass grafting", "valve replacement", "aortic valve replacement", "mitral valve replacement", "aorta operation", "atrial septal defect", and "congenital heart defect". The screening of the bibliographic references helped in completing the literature retrieval. Sixty-four articles were found related to the topic and keywords in the literature search; and 20 articles, which met the inclusion and exclusion criteria during preliminary assessment, were included in the review. The exclusion criteria were: lack of patient information (n=20), cardiovascular effect of colchicine (n=9), risk factors of PPS (n=4), prophylaxis of PPS (n=3), pericardial effusions (n=3), pericardial diseases (n=1), PPS after pectus excavatum repair (n=1), PPS due to pacemaker implant (n=1), cardiac tamponade (n=1), and non-postcardiotomy cardiogenic shock (n=1). The flow chart of study selection process is shown in Figure 1 .
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The data independently extracted from each study were the study population, demographics, clinical diagnosis, surgical procedures, timing of occurrences of PPS, therapeutic strategies and effects, and patients' outcomes.
IBM SPSS Statistics version 22.0 was used for the statistical analyses. The measurement data were depicted in a format of mean value ±standard deviation. They were tested with t-test. The qualitative variables were described as frequency and percentage, which were tested with Fisher exact test. The p<0.05 was regarded as having a statistical significance.
RESULTS
A total of 20 articles with 661 patients were included. 1, [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] The patients were at the age of 43.1 ±24.3 (range, 3.8-81; median, 47) years (n=15). Of them, gender was described for 410 patients: 271 (66.1%) were male and 139 (33.9%) were female patients ( 2 =85.0, p<0.001).
The dominant symptom was new/worsening pericardial effusion (Table I ). The amount of pericardial effusions was described for 277 patients: it was small, moderate, and large in 99 (35.7%), 11, 13, 16, 23, 24 93 (33.6%), 11, 21, 23, 24 and 85 (30.7%) patients, 1, 10, 11, 14, 15, [23] [24] [25] [26] respectively.
Tamponade occurred in 85 (85/661, 12.6%) patients. [10] [11] [12] 14, 17, 20, 24, 25 PPS occurred on day 18.3 ±15.9 (range, 2-60; median, 14) (n=15) after cardiac operations. 1, 10, 11, [13] [14] [15] [16] [17] [18] [20] [21] [22] 25, 26, 28 The pleural effusions could occur on the left, 13 right, 22 or bilateral sides, 10, 16, 25, 26 and the amount of pleural effusions might be large. 13, 26 The underlying cardiac operations that caused PPS were reported for 483 patients. Of them, coronary artery bypass grafting was the operation that led to PPS the most often, followed by mitral valve replacement (Table II) .
C-reactive protein was reported for 84 patients, and it was elevated in all 84 patients 1, 11, 17, [19] [20] [21] 25, 27 with a mean of 15.5 ±12.8 mg/dL (n=4). Erythrocyte sedimentation rate was reported for 87 patients, and it was elevated in all 87 patients, 1, 11, 18, 20, 21, 27 too, with a mean value of 35.4 ±9.0 mm/hour (n=4). The diagnosis of PPS could rely on the pleural/pericadial effusion by the medical imaging, such as chest radiography, 10,13 echocardiography, 10, 13 right heart catheterisation, 26 computed tomography, 10 and magnetic resonance imaging. 25 The patients were on a mean follow-up of 15.8 ±25.5 (range, 1.25-54; median 4) months (n=4).
The treatment of choice was described for 565 patients. The patients were managed conservatively in 472 (83.5%) patients, by surgical pericardial drainage in 85 (15.0%) patients, by thora-/pericardio-centesis in 3 (0.5%) patients, and were under surveillance without Postpericardiotomy syndrome being treated in 5 (0.9%) patients. The treatment regimen with nonsteroidal antiinflammatory drug, corticosteroids, and colchicine are popularly accepted (Table III) .
Conservative treatment was likely to be associated with a higher recovery rate (Table IV) .
The outcomes of 220 patients were known: 191 (86.8%) recovered fully, 26 (11.8%) recurred, 2 (0.9%) were improved, and 1 (0.5%) was complicated.
DISCUSSION
The etiology of PPS is unknown. It has been proposed that the surgical trauma and cardiopulmonary bypass trigger the systemic inflammatory response. 29 The inflammatory reactions result in antiheart autoantigen release, and the deposited immune complex could be found in the pericardial, pleural, and lung tissues. 30, 31 A direct correlation has been noted between the antiheart autoantibodies and PPS. 32 In addition, Engle et al. 33 proposed that PPS was a disorder mediated by the immune reactions and induced by the viral infections. 33 Nevertheless, Webber et al. 34 did not agree with the viewpoint in regard to the viral etiology of PPS. 34 The most common symptoms of PPS are pleuritic chest pain, low fever, pleural/pericardial rub, pericardial/pleural effusions, increased erythrocyte sedimentation rate and C-reactive protein values, and electrocardiographic alterations. 4 Severe consequences like tamponade, circulatory collapse, and pulmonary edema, seem to be less frequent. 4 The febrile patients usually do not have any positive results in the laboratory tests as an evidence of infection and a need of antibiotic treatment. The inflammation biomarkers, such as C-reactive protein and erythrocyte sedimentation rate, are positive in each case undergoing a heart operation. 11 The diagnosis of PPS can be difficult, and it should be firstly differentiated from alternative cardiopulmonary disorders including myocardial infarction, pulmonary embolism, and perioperative pericarditis. 4 The long-term unhealed clinical presentations for weeks to months, following a heart operation and showing good responses to the antiinflammatory drugs, are helpful to establish the diagnosis of PPS. 16 There has been no consensus about the underlying cardiac operations as the cause of PPS. Alraies et al. 11 reported that PPS commonly occurred following coronary artery bypass grafting, aortic and mitral valve operations, and aorta repair. 11 However, Chhabra and Chaubey 35 found that PPS was more common in patients undergoing valve operation in particular aortic valve replacement in comparison to coronary artery bypass grafting. This review revealed that PPS occurred most often after coronary bypass grafting than after other cardiac operations.
It was reported that PPS often developed 3-4 weeks after the cardiac operations. 11 The present study disclosed that the PPS occurred at a mean of 18.3 days after the cardiac operation, which was similar to what has been reported in the literature. The risk factors for PPS occurrence after cardiac operation were patients at a younger age and an elevated C-reactive protein level on admission. 36 Transthoracic echocardiography is the golden standard for a definite diagnosis of PPS. 12 At least two of the following criteria should be met for the establishment of the diagnosis of PPS: chest pain in exclusion of wound pain, subfebrility, leucocytosis with negative cultures, and contemporary electrocardiographical signs of pericarditis, or presence of pericardial friction rub, or pericardial effusion. 12 The treatment regimens for PPS include nonsteroidal antiinflammatory agents, aspirin, corticosteroids, and colchicine. 11 The popular treatment of choice for refractory PPS includes nonsteroidal antiinflammatory agents, steroids, and surgical pericardial window creation. 37 The first line treatment of PPS is often the nonsteroidal antiinflammatory agents, such as including aspirin, indomethacin, and ibuprofen, etc. 38 However, cortico-steroid treatment can be associated with a higher recurrence rate, and steroid dependency. 39 Colchicine is not only a remedy of recurrent pericardial infection but also a preventive measure of PPS. Intravenous immunoglobulin is primarily used for the treatment of immunomediated diseases, and is also an alternative of treatment of PPS. 28 An interventional measure is warranted in 31% of PPS patients. 11 The therapeutic options for the refractory cases are long-term oral corticoids or pericardiectomy. A surgical intervention was warranted in 2.6% of the cases due to cardiac tamponade. 12 Patients at an older age and the use of colchicine were proved to be the two factors decreasing the need of procedural interventions. 11 It was suggested that preoperative corticosteroids have shown a significant reduction in the risk of developing PPS. 40 However, high-dose corticosteroids might be associated with an increased risk of cardiovascular disease and mortality. 41 Moreover, Bunge et al. 9 observed that the incidence of PPS after dexamethasone was compatible to placebo (13.5% vs. 15.5%), indicating that dexamethasone did not show any preventive effect to the development of PPS. In comparison, colchicine use during perioperative period (starting from 2-3 days prior to the heart operation to postoperative day 3 for consecutive 1 month) showed a promising effect to prevent from the occurrence of PPS. 42 
CONCLUSION
PPS might be of an immune etiology due to the myocardial damage during cardiac operations and cardiopulmonary bypass. It often occurred on day 18.3 after the cardiac operations. The diagnosis of PPS depends on the typical clinical presentations. PPS is usually curable to nonsteroidal antiinflammatory drugs, such as aspirin, steroids, and colchicine. Therapeutic options for the refractory cases are long-term oral corticoids or pericardiectomy. Surgical intervention was warranted in 2.6% of the cases due to cardiac tamponade. Colchicine may be used before or after cardiac operations for a prophylaxic purpose of PPS.
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